Introduction
============

Gastric cancer (GC) is one of the most common malignancies worldwide, accounting for approximately one million new cases annually [@B1], [@B2]. Despite great advancements in early detection, surgical techniques, and multidisciplinary treatment in recent years, the postoperative long-term survival of patients is still poor [@B3]. Therefore, there is increasing interest in prognostic factors to accurately identify patients at high risk of recurrence and cancer death.

Cancer-associated malnutrition is common in the majority of patients with cancer, which affects their quality of life, response to anticancer treatment and survival [@B4], [@B5]. Over the past decades, the relationship between malnutrition and patient outcome has been well established in many cancers [@B6]-[@B9]. Several preoperative nutritional-based scores are designed in order to evaluate nutritional risk, postoperative complications and long-term prognosis, such as the Nutritional Risk Index, Mini Nutritional Assessment, and Geriatric assessment [@B10]-[@B12]. Despite recommendations, they fail to gain widespread consensus in GC. To seek a more practical and ideal method for classifying nutritional status, we used some objective and easily measurable criteria: prognostic nutritional index (PNI), serum albumin, body mass index (BMI), and preoperative weight loss. In fact, these scoring systems have been well validated as independent predictor of postoperative survival in GC. One meta-analysis of 14 studies suggested that PNI might be a valuable predictive indicator for the outcome of cancer, especially digestive system carcinomas [@B13]. Study of Lien et al revealed that serum albumin levels were independent factors correlated with prognosis in GC [@B14]. A recent study, including 1249 cases, shown that a low BMI was associated with poorer prognosis in stage III-IV GC patients [@B15]. Furthermore, our previous study reported that preoperative weight loss independently predicted overall survival (OS) in GC [@B16]. We postulated that, when combined, these four markers might better reflect the balance of nutritional status than when used alone.

In present study, we developed a new combination scoring system based on preoperative nutritional status (PNS). We aimed to validate the PNS score with a retrospective study and investigate its clinical utility in GC.

Material and methods
====================

Patient selection
-----------------

We retrospectively reviewed clinicopathological data from 1320 patients with GC undergoing curative D2 resection at Sun Yat-sen University Cancer Center between January 2001 and December 2012. D2 lymphadenectomy was performed according to the Japanese Research Society for Gastric Cancer (JRSGC) guidelines [@B17].

The inclusion criteria were as follow: (1) histologically confirmed stage I through III gastric adenocarcinoma, (2) no parenteral nutrition within one month before surgery, (3) no neoadjuvant chemotherapy or radiotherapy, and (4) entire set of clinicopathological and follow-up data.

We retrospectively reviewed the patients\' medical records to gather specific data, such as age, gender, height, body weight, preoperative laboratory test, surgical pathology report and survival times. Blood samples were collected within two weeks before surgery. Tumors were staged using the seventh edition of the American Joint Committee on Cancer (AJCC) tumor-nodes-metastasis (TNM) staging system [@B18]. In accordance with current clinical guidelines, postoperative patients with stage II-III GC and no marked comorbidities precluding chemotherapy use were offered 5-fluorouracil-based adjuvant chemotherapy [@B19], [@B20]. Our study was approved by the Sun Yat-sen University Cancer Center research ethics committee.

Follow-up
---------

All patients were routinely followed every 3 months in the first 2 years after surgery and every 6 months thereafter, including physical examination, laboratory testing, dynamic CT scan and upper gastrointestinal endoscopy. The latest follow-up was June, 2015 and the median follow-up duration was 35 months (range 1-160). OS was calculated from the date of surgery until death or the last available follow-up.

Nutritional-based indices
-------------------------

The prognostic nutritional index (PNI) was calculated as follows: patients with a combined albumin (g/L) × total lymphocyte count × 10^9^/L ≥45 were assigned a PNI of 0. Patients in whom this total score was \<45 were assigned a PNI of 1[@B21].

Serum albumin was carried out using standard threshold.

The BMI was calculated as previously reported (\< 18.5 kg/m^2^, ≥ 18.5 to \< 25.0 kg/m^2^, ≥ 25.0 kg/m^2^) and the preoperative body weight loss was categorized as \'\'\<5% of body weight\'\' or \'\'≥5% of body weight\'\' [@B15], [@B22].

The PNS score was derived from four objective and easily measurable criteria: PNI score 1, serum albumin \<35 g/L, BMI \<18.5 kg/m^2^, or preoperative weight loss ≥5% of body weight. The PNS score was 2 for patients who met three or four criteria, 1 for those who met one or two criteria, and 0 for those who didn\'t meet all of these criteria.

Statistical analysis
--------------------

The association of the PNS score with various clinicopathological variables was analyzed using the chi-square test. Cumulative survival was estimated by the Kaplan-Meier method, and the statistical significance of differences was assessed by the log-rank test. The multivariate Cox proportional hazard model was applied for variables that proved to be significant (P \< 0.05) in the univariate analysis. All clinicopathological variables were assessed for interaction and co-linearity. Statistical analyses were performed by SPSS 19.0 software (IBM Corporation, Armonk, NY, USA). Differences at P-values less than 0.05 were considered to be statistically significant.

Results
=======

A total of 1320 GC patients were enrolled, 899 (68.1%) patients were males and 421 (31.9 %) were females. The mean age of the patients was 59 years (range 19-89 years). Of these, 220 (16.7%) patients had stage I GC, 331 (25.1%) patients had stage II GC, and 769 (58.3%) patients had stage III GC. During the follow-up period, 519 (39.3%) patients died, and 801 (60.7%) were alive at last follow-up. We divided the patients into three independent groups by PNS score. There were 511 patients with PNS 0, 722 patients with PNS 1 and 87 patients with PNS 2 (Table [1](#T1){ref-type="table"}).

The OS rates in patients with PNS scores 0, 1, and 2 were 59.1%, 42.4%, and 23.4%, respectively (P \< 0.001). Patients with a PNS of 0 (107.5 months) had significantly longer mean survival compared with patients with a PNS of 1 (86.1 months) or 2 (53.3 months) (P \< 0.001; Table [2](#T2){ref-type="table"}). Furthermore, OS at 5 years ranged from 92% (stage I) to 37% (stage III) and from 66% (PNS 0) to 30% (PNS 2). The combination of TNM and PNS stratified 5-year OS from 95% (TNM I, PNS 0) to 19% (TNM III, PNS 3) (P \< 0.05).

The relationship between the PNS and clinicopathologic characteristics was shown in Table [3](#T3){ref-type="table"}. An elevated PNS was associated with age ≥ 60 years (p = 0.015), male patients (p \< 0.001), larger tumor size (p \< 0.001), presence of anemia (p \< 0.001), and higher TNM stage (p \< 0.001). However, PNS scores were not associated with tumor location, histological grade or adjuvant chemotherapy.

Univariate analysis showed that 10 clinicopathological variables were associated with OS (Table [4](#T4){ref-type="table"}). After excluding correlated variables, six remaining variables were tested in the multivariate analysis. The multivariate analysis showed that the PNS was an independent predictor for OS (HR for PNS 1 and PNS 2: 1.497, 95 % CI: 1.230-1.820 and 2.434, 95 % CI: 1.773-3.340, respectively; p \< 0.001), along with age (p \< 0.001), tumor location (p \< 0.001), histological grade (p = 0.047) and TNM stage (P \< 0.001). In stage-matched analysis, the PNS was still associated with OS in stage I-II and stage III (P= 0.019 and P \< 0.001, respectively; Figure [1](#F1){ref-type="fig"}).

Subgroup analysis was further performed to assess the relationship between PNS, age, and OS. OS was 60% and 51% at 5 years for young (\< 60 years) and old patients (≥ 60 years), respectively (p \< 0.001). An elevated PNS was associated with reduced survival of both young and old GC patients. 5-year OS varied from 69% (PNS 0) to 30% (PNS 2) for young patients (P \< 0.001), and varied from 62% (PNS 0) to 27% (PNS 2) for old patients (P \< 0.001; Figure [2](#F2){ref-type="fig"}). Similarly, the PNS stratified survival of GC patients irrespective of adjuvant chemotherapy status. 5-year OS for patients who received adjuvant chemotherapy was stratified from 67% (PNS 0) to 31% (PNS 2) (P \< 0.001), and varied from 64% (PNS 0) to 30% (PNS 2) for patients who did not receive adjuvant therapy (P \< 0.001; Figure [3](#F3){ref-type="fig"}). Furthermore, the prognostic significance of PNS was still maintained when stratified by sex, tumor size and anemia (All P \< 0.05). Of note, the PNS was still associated with OS in patients with PNI score 0, serum albumin ≥35 g/L, BMI ≥18.5 kg/m^2^, or preoperative weight loss \<5% of body weight, respectively (All P \< 0.05; Figure [4](#F4){ref-type="fig"}; Table [5](#T5){ref-type="table"}).

Discussion
==========

Determinants of cancer progression and prognosis are multifactorial and cancer-associated malnutrition is increasingly appreciated to have an important role [@B23]. Cancer-associated malnutrition is a common but frequently unrecognized problem. Over the past decades, it has been well acceptable that malnutrition is associated with poor response to therapy, greater impairment of quality of life, increased risk of chemotherapy-induced toxicity and poor outcome [@B24]-[@B26]. Thus, clinicians and researchers continue to seek ideal method for identifying malnutrition among cancer patients.

Although the association between nutritional status and prognosis has been clarified in other malignancies, few data exist on the impact of nutritional status in patients undergoing curative resection for GC [@B27], [@B28]. Up to now, none of nutritional-based scores has gained widespread consensus in GC. In present study, we developed a new scoring system (PNS), which was derived from PNI, serum albumin, BMI and preoperative weight loss, to identify nutritional risk in GC. We postulated, a combination scoring system might better reflect the balance of nutritional status and provide more important prognostic information than individual indexes.

In present study, we found that the PNS score was independently associated with OS and this association held up in stage I-II and III GC. Furthermore, an elevated PNS was associated with some high-risk clinicopathological characteristics. These findings were supported by other studies, which also found an association between preoperative nutritional status and clinical outcome. Langius et al reported that weight loss both before and during radiotherapy were valuable prognostic indicators for 5-year disease-specific survival in head and neck cancer patients [@B29]. A recent study shown that preoperative PNI, as a barometer of nutritional status, maybe useful in predicting outcome for patients with GC at stages 1 and 2[@B30]. Yuko et al found that nutritional status, which was assessed by pretreatment BMI, might be a determinant of prognosis in older GC patients [@B31]. Given these results, we speculated that the PNS might exert more potent prognostic value than these established nutritional-based scores. Of note, the prognostic significance of PNS was still maintained in various subgroup analyses. Obviously, the PNS, a combination scoring system, identified more high-risk patients than individual nutritional-based score.

More importantly, we found that the combination of PNS and TNM stage increased the survival range compared to TNM or PNS alone. Undoubtedly, it could identify more high-risk GC patients undergoing curative resection than TNM stage alone. In clinical practice, with an elevated PNS, early stage patients may need closer follow-up and local advanced patients may require more active adjuvant therapy. Furthermore, patients with an elevated PNS may benefit from preoperative proactive nutritional interventions [@B32], [@B33]. Despite promising results of targeted nutritional intervention, no large-scale prospective studies exist assessing the role of nutrition support in GC patients. Future studies, especially prospective randomized controlled studies, are warranted as validation studies.

It should be noted that, of the PNS components, the PNI included serum albumin. When omitting any one variable from the present model, we found it significantly changed the

likelihood ratio and the hazard ratio of the model. Obviously, PNS that includes all four variables was a more comprehensive and superior predictor to identify nutritional risk in GC. In addition, it suggested serum albumin might be a promising prognostic factor in GC and play a key role as part of the PNS composite measure. In fact, our findings were in line with previous study which indicated that albumin alone seemed to be as strong of a predictor of all-cause mortality as the composite measure [@B34].

A potential limitation of the current study is that it was a retrospective single-centre analysis. However, one benefit of this arrangement was that surgical procedures, laboratory examination, and patient follow-up were consistent during the entire study period. Second, we lacked the data of progression-free survival, though OS was considered the gold standard end-point for cancer prognosis study. Third, there are no established criteria for systematic and structured nutritional evaluation. Therefore, our findings might need to be confirmed with additional outcome measures.

Conclusions
===========

The PNS, a novel nutritional-based prognostic score, is a powerful prognostic indicator of outcome in patients with GC. It may be a promising tool in directing preoperative nutritional intervention for GC patients.

The authors wish to thank all of the people who helped with this study.
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###### 

General characteristics of 1320 gastric cancer patients.

                                  No. of patients (%)
  ------------------------------- ---------------------
  Age (years)                     
  \< 60                           697 (52.8%)
  ≥ 60                            623 (47.2%)
  Sex                             
  Female                          421 (31.9%)
  Male                            899 (68.1%)
  Tumor size (cm)                 
  \< 5                            735 (55.7%)
  ≥ 5                             585 (44.3%)
  Tumor location Upper third      508 (38.5%)
  Middle third                    273 (20.7%)
  Lower third                     539 (40.8%)
  Histological grade              
  Well differentiated             223 (16.9%)
  Poorly differentiated           1097 (83.1%)
  Anemia                          
  No                              921 (69.8%)
  Yes                             399 (30.2%)
  PNI                             
  0                               1178 (89.2%)
  1                               142 (10.8%)
  BMI (Kg/m^2^)                   
  \<18.5                          545 (41.3%)
  18.5≤ and \<25.0                439 (33.3%)
  25.0≤                           336 (25.5%)
  Serum albumin (g/L)             
  \<35                            1201 (91.0%)
  ≥35                             119 (9.0%)
  Preoperative body weight loss   
  \<5%                            898 (68.0%)
  ≥5%                             422 (32.0%)
  PNS                             
  0                               511 (38.7%)
  1                               722 (54.7%)
  2                               87 (6.6%)
  TNM stage                       
  I                               220 (16.7%)
  II                              331 (25.1%)
  III                             769 (58.3%)
  Adjuvant chemotherapy           
  No                              811 (61.4%)
  Yes                             509 (38.6%)

Abbreviations: PNI = Prognostic Nutritional Index; BMI = body mass index; PNS = Preoperative nutritional status; TNM = tumour-node-metastasis staging.

###### 

Overall survival based on five nutritional-based scores in 1320 gastric cancer patients.

  ------------------------------------------------------------------------------
  \                                             OS (months)            
  ------------------------------- ------------- ---------------------- ---------
  PNI                                                                  \<0.001

  0                               1178 (89.2)   95.6 (90.9, 100.3)     

  1                               142 (10.8)    65.8 (54.0, 77.6)      

  BMI (Kg/m2)                                                          0.041

  \<18.5                          545 (41.3)    89.6 (82.8, 96.3)      

  18.5≤ and \<25.0                439 (33.3)    89.8 (82.4, 97.2)      

  25.0≤                           336 (25.5)    96.3 (88.3, 104.4)     

  Serum albumin (g/L)                                                  \<0.001

  \<35                            1201 (91.0)   94.5 (89.9, 99.1)      

  ≥35                             119 (9.0)     65.7 (52.2, 79.2)      

  Preoperative body weight loss                                        \<0.001

  \<5%                            898 (68.0)    101.7 (96.4, 107.0)    

  ≥5%                             422 (32.0)    70.5 (63.4, 77.6)      

  PNS                                                                  \<0.001

  0                               511 (38.7)    107.5 (100.6, 114.3)   

  1                               722 (54.7)    86.1 (80.1, 92.0)      

  2                               87 (6.6)      53.3 (39.9, 66.8)      
  ------------------------------------------------------------------------------

Abbreviations: PNI = Prognostic Nutritional Index; BMI = body mass index; PNS = Preoperative nutritional status; a Kaplan-Meier survival analysis.

###### 

Correlation of PNS with clinicopathologic characteristics.

                          PNS 0       PNS 1       PNS 2      P value   
  ----------------------- ----------- ----------- ---------- --------- --
                          (n = 511)   (n = 722)   (n = 87)             
  Age (years)                                                0.015     
  \< 60                   294         364         39                   
  ≥ 60                    217         358         48                   
  Sex                                                        \<0.001   
  Female                  106         279         36                   
  Male                    405         443         51                   
  Tumor size (cm)                                            \<0.001   
  \< 5                    327         385         23                   
  ≥ 5                     184         337         64                   
  Tumor location                                             0.366     
  Upper third             196         287         25                   
  Middle third            103         150         20                   
  Lower third             212         285         42                   
  Histological grade                                         0.794     
  Well differentiated     90          120         13                   
  Poorly differentiated   421         602         74                   
  Anemia                                                     \<0.001   
  No                      416         475         30                   
  Yes                     95          247         57                   
  TNM stage                                                  \<0.001   
  I                       120         95          5                    
  II                      133         180         18                   
  III                     258         47          64                   
  Adjuvant chemotherapy                                      0.661     
  No                      204         274         31                   
  Yes                     307         448         56                   
                                                                       

Abbreviations: PNS = Preoperative nutritional status; TNM = tumour-node-metastasis staging.

###### 

Univariate and multivariate analyses of overall survival in 1320 patients undergoing curative resection for gastric cancer.

                                  Univariate analysis              Multivariate analysis           
  ------------------------------- -------------------------------- ------------------------------- --
                                  HR (95 % CI) P-value             HR (95 % CI) P-value            
  Age (years)                     \<0.001                          \<0.001                         
  \< 60                           1.00                             1.00                            
  ≥ 60                            1.494 (1.257, 1.776)             1.435 (1.202, 1.711)            
  Sex                             0.742                                                            
  Female                          1.00                                                             
  Male                            1.032 (0.857, 1.241)                                             
  Tumor size (cm)                 \<0.001                          0.852                           
  \< 5                            1.00                             1.00                            
  ≥ 5                             1.771 (1.489, 2.106)             0.983 (0.819, 1.179)            
  Tumor location                  \<0.001                          \<0.001                         
  Upper third                     1.00                             1.00                            
  Middle third                    0.662 (0.527, 0.831) \<0.001     0.746 (0.590, 0.944) 0.014      
  Lower third                     0.462 (0.379, 0.563) \<0.001     0.573 (0.466, 0.703) \<0.001    
  Histological grade              0.012                            0.047                           
  Well differentiated             1.00                             1.00                            
  Poorly differentiated           1.379 (1.072, 1.774)             1.298 (1.003, 1.680)            
  Anemia                          0.069                                                            
  No                              1.00                                                             
  Yes                             1.186 (0.987, 1.425)                                             
  PNI                             \<0.001                                                          
  0                               1.00                                                             
  1                               1.746 (1.372, 2.222)                                             
  BMI (Kg/m2)                     0.042                                                            
  \<18.5                          1.00                                                             
  18.5≤ and \<25.0                1.006 (0.826, 1.224) 0.955                                       
  25.0≤                           0.767 (0.613, 0.961) 0.021                                       
  Serum albumin (g/L)             \<0.001                                                          
  \<35                            1.00                                                             
  ≥35                             1.909 (1.477, 2.468)                                             
  Preoperative body weight loss   \<0.001                                                          
  \<5%                            1.00                                                             
  ≥5%                             1.831 (1.537, 2.181)                                             
  PNS                             \<0.001                          \<0.001                         
  0                               1.00                             1.00                            
  1                               1.677 (1.381, 2.036) \<0.001     1.497 (1.230, 1.820) \<0.001    
  2                               2.938 (2.162, 3.993) \<0.001     2.434 (1.773, 3.340) \<0.001    
  TNM stage                       \<0.001                          \<0.001                         
  I                               1.00                             1.00                            
  II                              2.930 (1.719, 4.994) \<0.001     2.407 (1.407, 4.117) 0.001      
  III                             11.285 (6.947, 18.330) \<0.001   9.067 (5.530, 14.866) \<0.001   
  Adjuvant chemotherapy           0.451                                                            
  No                              1.00                                                             
  Yes                             0.934 (0.782, 1.115)                                             

Abbreviations: PNI = Prognostic Nutritional Index; BMI = body mass index; PNS = Preoperative nutritional status; TNM = tumour-node-metastasis staging.

###### 

Overall survival based on PNS in subgroup analysis.

                                  Patients \[n (%)\] / OS (months) mean (95% CI)                                                                    
  ------------------------------- ------------------------------------------------ --------------------------------- ------------------------------ ------------
                                  PNS 0                                            PNS 1                             PNS 2                          P-value^a^
  PNI                                                                                                                                               \<0.001
  0                               511 (43.4) / 107.5 (100.6, 114.3)                640 (54.3) / 86.7 (80.4, 93.1)    27 (2.3) / 53.2 (33.4, 73.1)   
  BMI (Kg/m^2^)                                                                                                                                     \<0.001
  ≥18.5                           511 (65.3) / 107.5 (100.6, 114.3)                264 (33.8) / 59.7 (52.5, 66.8)    7 (0.9) / 28.3 (9.8, 46.8)     
  Serum albumin (g/L)                                                                                                                               \<0.001
  ≥35                             511 (42.5) / 107.5 (100.6, 114.3)                660 (55.0) / 85.8 (79.7, 91.8)    30 (2.5) / 40.3 (29.2, 51.4)   
  Preoperative body weight loss                                                                                                                     \<0.001
  \<5%                            511 (56.9) / 107.5 (100.6, 114.3)                375 (41.8) / 94.4 (86.3, 102.6)   12 (1.3) / 34.9 (13.2, 56.5)   

Abbreviations: PNI = Prognostic Nutritional Index; BMI = body mass index; PNS = Preoperative nutritional status; a Kaplan-Meier survival analysis.
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